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OF A E;TRAIGI'T ¥ THG, TAILLESS rxcmm AIRPLAIIE 'KODEL IN
tHE LANCLEY FREE-FLIGHT TUN'NEL '

By Charlus L. Seacord “Jr, and Herman 0. Ankenbruck
SUMHARY

An investigatlon to determine the staebllity and
control characteristics of a straight-wing, tallless
flghter model with a pusher propeller designed by the
NACA has been made in the Langley free-flight tunnel.

The investligation comsisted principally of force and
flight tests of a nowered dynamic riodel. The effects

of tall configuration, center-of-gravity location, and
power on the stablility and control characteristics of the
model were determined., Tests were also made 1in the
Langiey 15-foot free-spinning tunnel to determiline whether
the mrodel would trim at.very high angles of attack,

The results of the investlgation may be summarized
as follows: The general flight characterlstics of the
model were good and compsred favorably wlth the flight
characteristics of good conventional alrplane models
previously tested in the Langley free-flight tunnel, As
the angle of attack was lncreased, the longltudinal
stabllity of the mcdel 1ncreased instead of decreaslng as
that of tailless alrplanes with swept-back wings usually
does, Power caused a slight reductlion in the longi-
tudinal stabllity measured at constant powsr. Thils
reduction 1ln stabllity, however, dld not affect the longil-
tudinal steadiness cof the model in flight tests. The
model did not show the tendency to trim at very high
angles of attack (above the stall) that has been a char-
acterlstic of some swept-back tallless alrplanes. The
lateral flight characteristlics of the model with both
vértical tails installed were good. The dlrectlonal: .
stabllity of the model was satlsfactory and was lmproved
by the application of power. The effective dlhedral was
deslirably small and was not appreclably affected by power,
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The control surfaces of the model provided adequate longl=-
tudinal and lateral control..

INTRODUCTION

Previous Investigetlons of the stakllity and control
of tailllesa afrplanes with swespback (references 1 to )
have Indicated that the sweenback 1s the cause of the poor
longitudlinal stabllity and the loss of control noar thé
stall which sre often characterlstic of such alrplanes,

In order to determine the effects on stablllity of elim-

insting the sweepback,'a stralght-wing, tallless fighter
alrplane has been designed by the NACA and a model of the
desipn has been tested 1In the Langley free-flight tunnel.

The present lnvestigatlcn 18 ome pnase of the tallless-
alrplane research program being carried out 1n the Langley
free-flight tunnel to detsrnine the rclative merlts of the
various types of tailless alrcralt and includes results of
both force end flicht tests cof a dynamlc novered model with
a pusier propellcr., Tecause some tendency has been noted
for talllsss alrplanes to trim at very high angles of
attack, & 900,.brief tests wore also made in the Langley
15-foot free-spinning tunael to invesitlgate the trim
characterlstics of thu nodel at large ctngles of attack, -
The force tests wero made with the modesl egquioped with
two diffcrent slzes of vertical tall surface, with pro-
pellurs off and with propsllers on, and with power adjusted
to simulate that typical of modern fighter alrpnlanes, The
rnodel was flown with twc different sizes of vertical tail,
vita various conter-of-gravity locations, ard with various
amounts o power.

SYMBROLS AND DuSICHATIOH

3 TLfG
CL 11ft cocefficlent (_ag_

Cp drag ccefficient (D%gﬁ)

Cm pltching-moment coefflcient ahout normal
Ce8+ center-cf-gravity locaticn (M/hcs

Lateral force)
a3

Cvy leteral-Fforce coefficient (
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rolling-moment coefficient (L/qbs )

ERE R I T AP,

yawing-moment coefficient "(ﬁ7&bS) oo
rolling moment, foot-pounds o

pltching moment, féét—poﬁnds_

yawling moment, foot-pounds

dynamlc pressure, pounds per square foot (%pvz)

mass denslty of alr, slugs per cublc foot -
alrspeed, feet per second

welght of alrplane, pounds

wing area, square feet

wing span, feet

wing chord, inches

mean aerodynamic chord (M.A.C.), feet
angle of attack of fuselage reference line, degrees
angle of yaw, degrees (y = =B)

angle of sideslip, degrees

angle of roll, degrees

rate of change of rolling-moment coeffilclent with
_angle of sideslip, per degree (dcz /4aB)

rate of change of yawing-moment coefficlent with
angle of sideslip, per degree (4C dp)

thrust disk-loading coefficlent (T/bsza)
thrust, pounds
propeller diameter, feet

right-alleron deflection, degrees
.
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elevator deflectlon, degrees

ky radius of gyrétion about X-axls

ky radius of gyretion about Y-axi;

ky; radius of gyration about Zfaxis'

The parts of the model are designated as follows:
W wing |

F fuselﬁge, 1ncluding pllot's enclosure and wire
landing gear

P propeller
vy lower vertlical tall

Vo upper vertlcsl taill

APPARATUS

Wind Tunnels

The lnvestlgation was carried out in the Langley
free~flight tuiel, which is equipped for testling free-
Flylug dyoam?ec mofels, A complete description of the
tummel und its operstlen 1s glven in refsrence 5, Force
megsureminis wer® maas con the Laugleyr fres-~flisht-tunnel
six-corponent “salancze described in reference 6., The
forcos and moments are rmeasursd on ti.is balance vilth
resocct to stadplllty axes. Tias stabllity axes of an alr-
plane are defined as ar orthogonel system of axes inter-
secting at the center cf gravity in whiech the Z-axls is in
the plan3 of smaetry and nperpendicular to the relative
wind, the X-axis 1s ir the plane cf synmetry and perpendl-
cular to the Z-axls, end the Y-axls l1s perpendicular to the
plane of symmetry. A sketch shcwins the stability axes of
an alrplane 1s presented as fizure 1. A .photograph of the
test cectlon of tha tunnel showing the model belng tested
In £llght 1s presented as figure 2, The tests to deter-
mine the trlm cheracteristics of the model at high angles
of attack were meds in tlhe Langley 15-foot frev-spinning
tunnel, a description of which 1s given 1n reference 7.
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Model -

- . The. test model was designed aid constructed: by-the
NACA and coryesponds. to a ~scale model of a hypo=~

thetical tallless airvlane with a lj0-foot span. It is

a high-wing design with th® 50-percent-chord line straight
and has a small fuselage, a pusher propeller, and conven-~
tional vertical tall surfaces, A drawlng and photographs
of the model are" ;lven' as figures 3 to 6.

"Longltudinal control for- the model was provided by
~elevators that extended. over the inboard portion of the
wing, and lateral tontrol was provided by cohventional
alleron and ruddesr surfaces. For power-off (windmilling)
tests, the model whs' fitted with a four-blade propeller
that was allowed tbo windmill freely. For power-on tests,

the model wag equipped with a %—horsepower electric motor

driving an ll-inch=dlameter thiree-blad® propeller. The
three~blade propeller was inithalled in place of the four=
blade propeller because the characteristics of the motor
made 1t posdible to obtain higher thrusts with this
arrangement.

The model wing had a Phode St.. Genese 35 airfoll
gsectlon (reflexed) because this section has a hilgh maximum
1ift coefficlent at the low Reynolds numbers at which the
tests were run,

The physlcal characterististics of a full-scale air-
plane based on scaled-up values (10:1) of the dimensions
of the model are:

. Welght, pounds . ¢.« = ¢ « « « ¢ o s s o s o+« «» « 8030
Wing . : .
Area, 5quare £E6E . « « ¢« o ¢ s o o o+ o+ . 266,67
SPBII, feol o« ¢« o o o o «-2 s o o o 2 o o o s o o LI.O.O
Aspect I'&tio ° s e . o [ [ s e . . » [ ° [] 6.0
Sweepback of 50-~percent-chord line, degrees. « s o O
Sweepback of 25-percent-chord line, degrees. . . 342
Incldence, degrees . . . . s v e e e e o 0
Dlhedral angle of midthlckness line, degrees . . . 0
Taper ratio. ® 8 « o 8 s 8 o a ¢ 8 © ® s. 8 o @ & 2§l
M.A C., 1nch95 [ ] o s L . e 8" o » > re . L] L] . * 85.9
Locetion of i£.A.C. behind L.E. of '
I‘OO'b Chord 1n0hes. ° [ T ] . . [} s ‘e .o . . . . 12.0
Root chord, inCheE ® 5 & e & & ‘8 @ ® & ® e ° e 10708
Tilp chord, IncheS. +.- s = 2 s 2 ¢ « » s ¢ s o s s 5H3.9
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Wing loading, W/%, pounds per square foot . ¢« s o 30
Aileron
Typeo " e o o 4 o e e i §
Area, percent wing area .
Span, percent wing span «
Chord, ‘psrcent wing chord
Elevator

Type; s o ® o o & s o 4 a e @ ®© s o e & » e Plain flap

Area, porcent wing are8 e« + os. ¢ ¢ « 4 o o s e o o TeT

Span, percent Wing SpBN e ¢ o & ¢ o s s o e 0 s« U5

Chord, pércent wing chord « « » o« ¢ ¢ ¢ o o o o & 15
Jormal c.ge locatlon -

Behind L.L. of root chord, Inches « + « « « « «» 28,8

Rehind L.LE. of root chord, percent M.A.Cs » . . ' 20,0

Above thrust 1ine, Inches s « o« « o o ¢ o o « o o Ld0

Above thrust line, percent M.A.Ce o ¢« ¢ « o ¢ o & ;o8

: Ratios of radil of gyration to wing span 8
[ ] [ ] ] ] * f ] ] - » . [] [ ] ] [ ] . [ ] L] [] ] [ ] ) 0;15

kY/b » [ [} [] [] . [ » [} [} . . ] L] [] [] e . 8 . . [ 0.133

[ [ ] L] [ ] [ ] [} [ [ ] e [ ] d [ L] [ ] [ [ ] [ ] » o » L] .0.173

Vertical talls
Total area of cach, percont wing area 4 « « « o « 340
Rudder areca, »ercent total vertical-tall area . . 23
Aspect ratio (each tail ) + o o o « o e+ s« 185
Distance from c.g. to rudder hinge 1ine, :
percent wing Spane « « s« s o » o o o ¢ o o« 242

TESTS

Force Tests

Most of the force tests were -nade at a dynamlic »nres-
surs of ;.09 pounds per sgquare foot, which corresponds
to a test Reynolds number of approximately 240,000 based
on the mean serodynamic chord -of 0.699 foot. The force
‘tests conslsted of angle~of-attock runs mads to determlne
ths offects of power and various modifications to the
model on longituclnal stability and control ahd yew runs
made to determine the latcral stabllity and contrcl char-
actasristics of the model in all conditions. A sumnary
of the force~tost condlitions 1is glven in taeble I. As
shown in table I, power-on force toests were made to determine
the statlic longitudinal stabllity of the model opérating
with power simulsting zero thrust and 1200 brake horsepower
for the hypothetlcal full-scals airplanc, In the lateral=-
stability tests the model operated with power simulating
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zero thrust, 1200 brake horsepower, and, 2000 brake horse-
_power. for the full-scale atrplane. i “ :

'Values of thrust eoefficient required to simulate
1200 and 2000 brake horsepower over the. 1ift range of the
model tests. are -shown in"figure 7. .These data are based
-on an assumed propeller efficiency for .the full-scale
airplane of 75 percent and ‘a wing loading of 30 pounde
per .square foot. e -

‘ ' Flisht Tésts °

Model. flight _ teste were made to determine effects
of 11ft coefficient, center-of-gravity location, vertical-
tall area, and powar-.on the stadility and control .char-
acteristics of the model. In the power-off conditlon,
flights wére made over a range of 1lift coefficlents from
- 0432 to 0,95 for center-of-gravity locatlions ranging
between 15 and 23 percent M.A.C. Kost flipght tests were
made with the model ejulpped with both upper and lower
‘vertical tails, tut a few tests were made with the model
"equipped with the upper tail only. Power-on flight tests
were made fbébr a lift-coefflcient range with the normal
center-of=-gravity location (20 vercent M.A.C.)e Thsé highest
power simuleted 1in flight was 1200 brake horsepower,

. Free=to-~Frim, Tﬁeta

In the free-to-trim tests the model was supported
in thé alr stream of tre:Langley 15-foot free-spinning
tunnel on thse stand. shown ln flgure. 8., The model was free
to rotate in pitch about its’ center of gravity and had
a poasible travel of about 200°, Thé model was restrailned
“until -the airspeed had been adjusted and was then released
to trim. The model was released at angles of attack from
0° to & 90° with the ‘elevators set 'to trim the mddel at an
angle of attack of 8°,

RESULTS. AND DISCUSSIOX
Longitudinal Stebility

Power-off force tests.- The results of force tests
" made to determine the.longitudlnal stability 'characteristics

" —
R - “ew 4 -




8 U, NACA ACR No. L5K05

of the model with power off are presented in figure 9.
The effects of the various component parts of the model
on the stebility are also shown ln this figure.

The data of figure 9 show that the modsl was longl=
tudinally stable up to the stall. This characteristic
is desirable and is not usually possessed by tallless
designs incorporating sweepback. The stabllity of the
model increased with 1incrsasing 1lift coefflclent; ‘the
statlc margln, as indicated by the value of -dqn/HCL,
véried from about 0,02 at low 1lift coefficients to about
0,07 at high 1lift coefficients witk the normal center-of-
gravitv location (20 percent X.A.C.). Reference 8 shows
that this change in the slope of the pltchling-moment
curve is characteristic of a high-wing arrangement on a
round fuselage and indicates that the pltching-moment
curve could nrobably be straightened by lowering the wing
to a high midwling position, . .

The data of figure 9 show that adding the fuselage
to the wing caused a reduction 1n statlc margin L
of about 0,0l. . The data also show, however, that' the
stabilizing effect of the windmilling pusher propeller -
counteracted the destabllizing fuselage effect, so that
the ,stabllity of the complete model was simllar to_that . .
of the wing alone,

Power-off flight tests,- In power-off flight tests
with the center of gravity at 20 percent M.A.C., the
longltudinal stabllity of t he model was satlafeactory at
11ft coefflclents from 0,50 to the stall, at which.- the
gtatic margin was .0.05. AV 1lift coefficlents less than.
0.50, however, the longitudinal motlon of the.model was
unsteady axd freguent elevator control was rejulred to
keep the model flying. Thils unsteadiness was sattributed
to the small static margin (eboat 0,02 or 0.03) at low
1ift coefficlents previously_ indicated by tke force tests,

"hen the statlc margln was *ncreased by 0.02 by moving
. the center of gravity shead to 18 percent M.A.C., steady
flights were .obtalned over the entire 1lift range from a
11ft coefficlent of 0.32 to the stall (flights could not

be made at lift coefficients lower than 0.32 because .of
tunnel airspeed limitations).

Decreasing the static hargin by ahiftins the center
of gravity to 22 percent M.A.C. caused the longitudinal.
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flight behavior of the model to become completely unsatis-
factory at 1ift coefficlents less than 0.50 and only falr-
1y satlsfactory. at.lift coqfficlents greater than 0.50.

In some flights made at 1ift coefflclents above 0.50 with
a static margin of about 0.02 or O. 03, .the. model was very
unsteady and difficult to control and the longlitudinal
characterlistics were very simllar to those obtgined 'in the
flight tests made at 1ift coefficients below Q.50 and with
the center of gravity at 20 percent M.A. G.

Previous tests 1n the Langley free-flight tunnel
(reference 9) have shown that -conventional models had
longltudinal steadiness characteristics which were
essentlally the same as tliose of the stralght-wing, .-.
tailless model with corresponding values of statlic.  mergin,
In thlis respect the results of the present investigation
are 1ln asgreement with the results of reference 9, which
showed that varlaticn of damping 4in pltch has little effect
on longltudlinal steadiness as 1ong as the static margin 1s
satlsfactory.

Power-on force tests.- For purposes of dlscussion,
static margin has been assumed equal to -dCp/dC;. This

assumption should be nearly true in the case of the model
tested because the model has no rorizontal tail and
because the wing is not 1In the slipatream. The force-test
data of figure 10 show that power caused a reduction in
static margin which, though appreciable (0.03 or 0.0L),
was not so great as the reduction often caused by power
on conventional single-engline airplanes with tractor
propellsrs (reference 10). At 1200 brake lLorsepower with
the center of gravity at 20 percent M.A.€. the model had
a static margin of only about 0,01 over most of the 1lift
range. :

The results of calculations made to determine the
cause of the decrease in stability with application of -
power are presented in figure 11 in the form of incre-
mental pitching moments provided by the propeller normal
force and propeller thrust (figs. 1l1l(a).and (b)). The
combined calculated effects of propeller forces are also
compsred (fig. 11(c)) with the measured power effects
taken from the data of figure 10, The calculations show
that, although the normal force of the pusher propeller
provided a slight stgbilizing effect, the propeller thrust
provided a much greater destabllizing effect. Figure 11
shows that the measured destabilizing effect of power was
about twice the calculated effect of direct propeller
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" forces. The additional unstable moments mey have been
produced ‘by the inflow-effects over the.wing and the
rear portion of the fuselage. The data of figure ‘12
" gshow that -if ‘the center of gravity of the model were
. shifted vertically downward from 0,048 M.A.C. above the
thrust line to 0,011 M.A.C. below the thrust line, power
- -would not affect the statlc longltudinal stability of

" the model. '

Power -on flight tests.- Although the force-test
results Indicaled & decréase in longltudinal stebility to
a static margin of 0,01 as the power was increased from
zoro thrust to 1200 brake horsepower, the longltudinal
steadiness in flight tests of the model was not appreclably
changed by power application. Flights made with »ower
sirmulating 1200 braize horsepower were as steady as flights
made wlth zero thrust., These results thus appear to -
disagree.- with ths results of the power-off fliight tests,

. in which a reduction of the vower-off statlc margin from
0.05 to 0.02 causcd the longltudinal steadiness of the
model to become deofinlitely worse,

" An explanation of this apparent discrevancy 1s that
in the nower-on force tests the thrust was varled with
anrle of attack to represent constant-power fligut at
different airspeeds - that 1s, T, was varled with CL

and thus with alrspeed, as shown in flrure 7 =- whereas
in the power-on fllght tests the alrspeed did not vary -
irmedlately with angle-of-attaclkt changes - that is, T,
and airSpeed rémained oonstant when the model pitched up
or Gown, - If the thrust coefficient T, Instead of the

power had bsen’ kept constant in the fo“ce tests, there
would 1ikely havs been little or no change 1n stahility
from the zero-thrust to the power-on condltlons., #fhe -
assumption 1s here made that curves of pltchlng-moment
cocfficlent agalnst 1ift coofflclent at constant thrust
cooefficlent would havo remained narallsl for any value
of thrust coeffi ient; that is,

/dC )
—0 ECL Te = Any value

Since longitudinal stzadliness 1s largely dependent on the
rapld nitchling motions or shart-nsriod oscillations that
cause no appreclable change ln alrspeed, the steadiness
appears to be affected principally by stability changes
that occur at conditlions of constant thrust coefficient

anC constant alrspeed and very little by changes that occur
at condltlons of constant power and varying alrspeed,
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Longitudinal Control

THe " longitiidiral-control - data-obtalned in the force
tests are ghown in figure 10, These data indicate that
with the normal center-of-gravity location the model could
be trimmed from zero 1lift coefficlent to maximum 1lift _°
coefficlent with a total slevator movement of about 20°.
‘ The elevator effectiveness did not change noticeably when
power was applied, which lndicated that there was little
effect of induced flow over the elevators. 'Flight testas
showed that the olevator was powerful enocugh to trim the
model over the entire flight range with the center of
gravity at 18 percent M.A.C.

Trim at Hish Angles of Attack

In the free-to-~trim tests in the Langley 15-foot free-
splnninz tunnel, the .nocdel -apon helng released In the up-
right or inverted ncsition [at angles of attack of 900
or =900) assumocd Immedlately the angle of attack for which
the elevators had teen sget, 809, TUnder no conditions did
the model show tihws tendcency to trim at hign angles of
attack that has boen exhibiteud by scme swept-back tallless
desalgns,

Lateral 3tabllity

Force tests.,- The results of tests made to determlne
the lateral stability cherazteristics of the model are
presented in figures 13 and 1. These results are
sunmerized in figure 15 in the form of a stawvllity chart
that is a plot of the dlrectional-stabllity pesrameter C,

aguinst the effectlve-dlLedral paramster Czp.

The data of flgures 13 and 15 show the effect of the
various comhonent perts of the moiel on lateral stabillty.
The wing-fuselage combinatlon had slight dlrectional :
instabllity but was made slightly steble by the addition
of the pusher propeller, Additlon of the vertical talls
increased the directionsl stabllity wlth propeller
windmilling to a velue of Cp of about 0,0007., The

effective dihedral was small for all conditlions, about 2°
for the wing-fuselage combination and about 1° for the
complete model,
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The force-test data of figures 1l and 15 show a
noticeahle increase 1n directional stabllity with appll-
cation of power. Increaslng the power from idling to
2000 brake horsepower increased the dlrectlonal stabllity
by approximately 65 psrcent, The data of figure 1l also
show that applying power with the vertical talls off d4id
not increase the directlional stability appreclably. The
incrsase 1in directional stabillty at high power wlth talls
on arpears to be caused primerily by the inflow effects
uoon the vertilcal tails rather than from action of the
direct propeller forces. Tne effective dlhedrel was appar-
ently n?t affected by an increase in power. (See figs. 1l
and 150

Flight tests,~ The lateral flight characterlstlics of
the model with both vertlcal talls installed were good for
powers ranging from zero thrust to 1200 brake horsepower,
The directlonal stabllity aovpeared to be satisfactory in
flights at zero thrust end lmproved with the applicatlon
of power, ‘The small efrectlve dihedral shown by the force
tests was noted in the Tlights by the absence of any appre-
cigble rolllng motions vhen the mndel was dlisturbed Iln yaw
and by the neglizible eltects on aileron control ol the
adverse yawing produced in rolling maneuvers. This small
effective dihedral was ccnsidered a dssirable characteristic
for a tailless design because of the relatively low direc=-
ticnal sta>ility of this types of airplane,

In flights with the lower tall removed, the lateral
flight characteristics were not so good as those with both
talls instaslled. The adverss yaving due to alleron control
was greater and the yawing wmotlons of the model damped out
more slowly after disturbances 1a yaw. The lateral flight
characteristics were considered not quite satisfactory with
tl.iis tail configurstion,

Lateral Control

The force-test data showlnz the alleron effectiveness
are presented in figure 16. These data show that the
allerons were effective at all angles of attack up to the
stall (approx. 129),

In the flight tests adequate lateral control was

obtained by using abrupt alleron deflectlons of & 15°,
Rudder deflections of £ 12° used in conjunction with the
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alleron control were ueually'sufficient to balance out the
adverse yawing moments caused by aileron deflection and
rolling velocity. . .

l..- . reto-

concLuSIbNS |

The nesults of tésts in the Langley free-flight
tumnel of a stralght-wing, tailless _fighter .model wlth

a pusher propeller may be. surmarized as followa-_

11 The general flight characteristics of the model

were good and compared favorably with the flight character-

i1stics of good conventlional alrplane modéls previously
tested in the Langley free-flight tunnel,

"2, As the angle of attack was increased, the longl-

'tudinal stablility of the rniodel increased instead of

decreasinz as that of tallless airplanes with swept-back
wings usually does,

. %, Power caused a slight reduction in the longlitudinal
stability measured at constant power., Thils reduction in
stablllity, however, did not affect the lonbitudiual stead-
iness of the mecdel in flight tests.

L. fhe model did not show the tendency to trim at very
high angles of attack (above the stall) that has becen a
characteristic of some swept-back tallless alrplanes,

5« The lateral flight characteristics of the model-
wlth both vertical talls installed were good. The dilrec=

.blonal stability of the model was satisfactory and was

Improved by the application of power, The offectlve
dilhedral-was deslirably small and was not anpreciably
affacted by power,

- .64 The -control surfaces of the model provided ade-
quate longitudinal and lateral control,

Langley'uemorial Aeronautical Laboratory
. National Advisory Committee for Aeronautics
Langley Fleld, Va.,
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R
TABLE I

PORCE TESTS OF STRAIGET-WING, TAILLESS KODEL
IN THE LANOLEY FREE-FLICHT TUNKEL

-] °n
a ¥ [] R ’
Type of data Configuration Power (deg) (deg) (deg) (deg) Figure
Crs Cps Cgy w ore Range 0 o} o] 9
against ¢
DOwecncmea F . —==doew= | =ced0=-- 0 acmcene | @ccseaa 9
DOwmnnmuna WP ) «==d0e-~ | ~-~doe-- 0 o] o 9
DO=rmcncon WFPV,V, T, =0 ~-=do=-- (v} 0 0 9
DO=wemn=a - WFPVV, T, =0 ~-<d0o--- 0 0, -15 0 10, 12
> TR - WFPV,V, 1200 bhp| «--d0--- 0 0, =15 0 10, 12
Cps Gy, Cy F . off 8 Range 0 0 13
agalnst y
DO=mwommn - WP «==do=-- 5 -==do--= 0 0 13, 15
Dommemoan= WFP Wind- 5 ~eedom== 0 0 13, 15
milling
DO=m=memu - WFPVy —=+dO=~== 5 -—=do=== 0 0 13, 15
DO~wmuma - WFPV,V, ~=edO=== 5 caedom-- 0 0 13, 15
DOwmeme~ .- WFPV,V, —=edo-== 12 we=dOm== 0 0 13
DO=ommoman WFP weadOeew 5 . T Y 0 0 i
DO =momm—e- WFP 1200 bhp 5 PR, 1. 0 0 b1
DOmmmennna WPPV,V, T, = 0 5 a==dOm-= 0 o 1, 15
Domwmmnane WFPV,V, 1200 bthp 5 Y, I YR o] 0 14, 15
DOmemcnenam WFPV3V, 2000 bhp 5 aeadOee~ 0 0 1, 15
Cys C WFPVq V. Wind- L, 8, 12 0 0 Range 16
i’ "n 1%2 millin
against 8g. &

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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Figure l.- System of stability axes. Arrows indicate positive direction
of moments and forces.
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Figure 2.- Test section of Langley free-flight tunnel showing model in flight.
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Figdre 4,- Plan view of

. [P

straight-wing, tailless fighter
Langley free-flight tunnel,

model tested in the
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Figure 5.- Front view of straight-wing, tailless fighter model tested in the

Langley free-flight tunnel.
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Figure 6.- Side view of straight-wing, tailless fighter model tested in
the Langley free-flight tunnel.

*ON HDOV VOVN

S0M81

‘814

9



oum— o
10 ; y/
AR &
Q.8
: f1 s
%.b % - //
/ /
?.4 V/ v
S /. //
/
) o | o
0 %é/ CE—
0 2 A o 8 L0 L2

Lift coefficient, C,

figure T.- Curves of thrust coefficient aganst /ift coefficient

for the straht-wing , *ulless +Fighter mode! rested 11 +he
Langley free-Ftlight tunnel.

*ON ¥DV VOVN

S0MG1

*81d



Figure 8.- Model moun

ted on
Model

free-to-trim stand in Langley 15-foot free-
1g8 free to pltch at center of gravity.
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Fig. 10 NACA ACR No. L5KO5
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Fig. 1l2a,b NACA ACR No. L5KO5
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Fig. 14 NACA ACR No. L5KO5
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Fig. 16 ' NACA ACR No. L5KO5
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